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THE EFFECT OF USING A BLEND OF PORT- 
LAND AND NATURAL CEMENT ON THE 
PHYSICAL PROPERTIES OF MORTAR AND 
CONCRETE. 


BY THE DIVISION OF 


[THIN the last few years considerable scaling of 

V4 concrete pavements has resulted from the use of 

chemical salts in ice treatment in the Northern 

States. In an effort to combat this condition the New 

York State highway department began about 4 years 

ago to experiment with a blend of portland and natural 
cement for concrete pavement construction. 

Preliminary tests made in the laboratory of the New 
York Department of Public Works indicated that con- 
cretes containing blends of portland and natural cements 
had greater resistance to alternate freezing and thawing 
in a solution of calcium chloride than had concretes 
containing only portland cement. These preliminary 
laboratory experiments were followed by the construc- 
tion of a number of experimental sections of actual 
pavements, using portland cements of various chemical 
compositions and two natural cements, both made in 
New York State and both readily available commer- 
clally. 

The Bureau of Public Roads became interested 
this work not only from the technical viewpoint but also 
because of a request from the Division of Highways of 
the New York Department of Public Works for per- 
mission to conduct certain of its field experiments on 
pavements financed either wholly or in part with Fed- 
eral funds. It was felt that before approving the use 
of blended cements on any extended mileage of highway 
very definite information should be obtained regarding 
their effect on other essential qualities, such as strength 
volume change, etc., and, furthermore, that these tests 
should be made in the laboratory under closely con- 
trolled conditions. 

This paper reports the results of such a study as well 
as the results of a series of freezing and thawing tests on 

specimens taken from certain of the experimental pave- 

ments referred to above. The data on laboratory fab- 
ricated specimens are presented in two sections, the 
first dealing with tests of mortars, and the second with 
oncretes. The results of freezing tests on concrete 
ores are discussed in a third section. 

Tests on the mortar specimens included determina- 

ons of crushing strength, flexural strength, absorption, 

ensity, durability, and volume change. Two port- 
nd cements, differing considerably in chemical com- 
sition, and two sands of widely different mineral com- 

‘sition were used in this portion of the investigation. 

‘sts on concrete specimens fabricated in the labora- 

rv included determinations of crushing strength, flex- 

al strength, and modulus of elasticity, using the same 

0 portland cements with local fine and coarse aggre- 

te. One brand of natural cement was used in all 

cimens fabricated in the laboratory. 


iper presented at the forty-first annual] meeting of the American Society for 
ing Materials, Atlantic City, N. J., 193s. 
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The freezing tests discussed in the third part of the 
report were made on cores taken from four of the 
experimental concrete pavements. Two natural ce- 
ments as well as portland cements conforming to four 
different classifications as to compound composition 
were used in — ‘se roads. Core spec imens were taken 
from sections in which straight portland cement was 
used as well as : a sections containing blends in the 
proportion of 6 parts of portland cement to 1 part of 
natural cement, and 5 parts of portland cement to 2 
parts of natural cement, by weight. These specimens 
were subjected to alternate freezing and thawing in 
water and in a 10 percent solution of commercial 
calcium chloride. 


REPRESENTATIVE MATERIALS USED IN LABORATORY FABRICATED 
SPECIMENS 

The two portland cements included one brand from 
the Hudson River Valley region, designated as cement 
A, and one from the Lehigh Valley of Pennsylvania, 
designated as cement B. Both cements satisfactorily 
met the requirements for portland cement of the Ameri- 
can Society for Testing Materials. The natural cement 
represented material produced in the northeastern part 
of the United States and is typical of the old type pro- 
duced in vertical kilns. The fineness as determined by 
the Wagner turbidimeter was about the same for both 
portland cements, but the natural cement had a fine- 
ness more nearly corresponding to that of high- 
early-strength cement. The results of the physical and 
chemical the three cements are shown in 
table 

bie nag concrete sands were used in the investigation. 
Sands A and C were composed essentially of quartz, 
and sand B consisted essentially of shale and quartz 
particles with apprec iable amounts of limestone, slate, 
and sandstone. The sieve analyses and physic al prop- 
erties of the three sands and the coarse aggregate used 
in the tests are given in table 2. The coarse aggregate 
used in the laboratory fabricated concrete specimens 
was a limestone of known satisfactory quality end 
graded uniformly from No. 4- to 11-inch material. 

For the various tests on mortars, each portland 
cement and blend was used with each sand. Specimens 
were made using 100 percent portland cement and 
using two blends, one in which 14 percent and the other 
in which 28 percent by weight of portland cement was 
replaced by natural cement. These values correspond 
to the percentages of natural cement used in the New 
York experime ntal roads, which were of the order of 
1 sack or 2 sacks in a 7-sack batch, or 14 and 28 per- 
cent, respec tively. 

For each of the portland cements, a sufficient quan- 
tity of water was added to the straight portland cement- 
sand A mixture to give a flow of approximately 90 on 


tests on 


153 
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TaBLE 1.—Properties of cements used in laboratory fabricated 
specimens 


PHYSICAL PROPERTIES 



























































Cement | Cement | Natural 
Item A | cement 
Apparent specific gravity Laaidanbacnaneien —— ‘ 3.14 3.11 | 3. 00 
Specific surface, cem?/gm_____.......-..-__- MAES 1, 730 1, 805 2, 680 
Percent retained on No. 200 sieve.......-.-----_- r 9.6 | 10.5 
Normal consistency, percent..........-...-.-.----. 23.7 24.0 | 26. 0 
Time of set, hours: | 
DE tanks cobebuneedeesnnseenududddecatnqaman 3.3 2.9 1.1 
0 SE ee een | 5. 1 4.9 1.8 
Tensile strength, Ib. per sq. in. 
I acti irae an dc neneg scsi ous daakd tacd tl aettince 380 37 50 
lc erteincaciaackitajiach aincecelandp diane napelie alo inaaean de 445 | 445 | 150 
CHEMICAL ANALYSES 
Oxides | Percent | Percent | Percent 
hd peitiianisuenbdekadiuumbetihdbeacdathameds } 22. 41 20. 80 24.91 
I ie leslie ACh ataalaiaep tried nhc iii d dite 4.78 6.47 |) 9.65 
a tires uit hintinn cana nivaitbaantoratteiss 3.72 2.38 |/ 4 
a a a at eh Ne 64. 55 63. 22 33. 93 
| Seas intent 1.15 3.45 19. 92 
eee ee 72 1.77 1.42 
er a | 1. 37 1. 47 8. 55 
| 
COMPUTED COMPOUND COMPOSITIONS 
Compounds | 
Treeeewes eiiieete.... ........~.-..... ee Saat ae eT 50 47 | 
OE eer 26 25 | 
Tricalcium aluminate..............-..--- 6 13 
Tetracalcium alumino-ferrite_......-.......-.-..- 11 | 7 
TABLE 2.—-Properties of aggregates 
SIEVE ANALYSES OF FINE AGGREGATES 
bes tal = : 
Total retained on— Sand A | Sand B | Sand C 
| 
— | |— 
%-inch sieve............- icippiciote:(cibpinnieh Aeddianter alanis act 0 0 0 
No. 4 sieve... .-. par aresdwceeneup inven kde 2 4) 7 
BR ENO a cacccesecccevsceeetcosnessescusscnenss 11 21 | 24 
No. 16 sieve... ---- paging dusnuguqddaiae sd dain wan 27 45 | 39 
NN acelin s natauenecbantbaraaed 49 67 | 53 
No. 50 sieve. ...--- phiesedasceenccismeces ee &4 87 86 
I iiss neitaded vanictneqenadandntecubanant 97 95 97 
IIR 6 si vdecnnenneudnuntbasesteecseda 2. 70 3.19 3. 06 
PHYSICAL PROPERTIES 
Coarse 
. 2 , | Send ee . oars 
Item Sand A | Sand B | Sand ¢ senresate 
BO ee 0.3 | 2.2 0.9 0. 32 
Organic matter. --..---.---.-------------- ef Seat Gh. bess 
Decantation loss, percent ._......-..-.---- 1.4 | 2.5 SY eae 
Compressive strength ratio: | 
Ra Hh eee nee 140 123 oe 
Sie aliaictt i nnnnsdennnedennts 130 124 SOR Coniceincis 
Wesssntees of weer, Deval... ......~...<<]...-.-..<- 





1 Satisfactory. 


the 10-inch flow table. The same quantity of water 
was then used in all other mixtures containing this 
cement. This resulted in slightly lower flows (drier 
mortars) for the mixtures containing sand B and also 
somewhat lower flows for the mixtures containing 
natural cement. All mixtures, however, were plastic 
and workable, insofar as could be determined when 
fabricating the test specimens. The consistencies of 
the various mixes, as determined by the use of the 10- 
inch flow table, are shown in table 3. 

An outline of the various tests made on the mortar 
specimens follows. 

1. Determinations of crushing and flexural stre1 igths 


of 2-inch cubes and 2- by 3- by 18- inch beams, using | 


a mix of 1:2 by weight. Specimens were cured con- 
tinuously in water at 70° F., and broken at ages of 7, 
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Usep IN MEASURING 
oF Mortar BEAMs. 


COMPARATOR 


HORIZONTAL 
LENGTH CHANGE 


FIGURE 1. 


TABLE 3.—Consislencies of mortars as determined by the 10-inch 


flow table 


MIXTURES CONTAINING SAND A 


| Cement A Cement B 


Percentage of portland cement replaced | 
by natural cement 








Beams Cubes Beams Cubes 
a. 91 | 93 | 93 93 
14_... 87 90 90 | 89 
28 a : 83 83 AS 8 
MIXTURES CONTAINING SAND B 
a 83 83 85 | 85 
14. 79 | 76 #2 SO 
28.. 74 70 79 78 
28, 90, 180, and 360 days. Duplicate sets of speci- 


mens were cured in air (with 7 days initial water cure) 
and broken at 28, 90, 180, and 360 days. Beam 
specimens were broken as cantilevers, using portions 
of the same beam for tests at various ages. 


2. Determinations of tensile strength of briquets 
containing standard Ottawa sand in a 1:3 mix by 


weight. Specimens were broken at 7 and 28 days. 

3. Tests for volume change on 2- by 3- by 18-inch 
beams, using a 1:2 mix by weight. One set of specimens 
was stored in air for 120 days, the other continuously 
in water at 70° F. for 180 days. As a supplementary 
portion of this phase of the work, after 180 days of 
water storage the beams were frozen and thawed for 
6 cycles, dried at 120° F. for 4 days, and resaturated 
in water at 70° F. for 3 days, after which the freezing 
and thawing cycle was again repeated. In this test 
measurements of length were made at the conclusion of 
each 3-day resaturation period. The linear comparator 
used in all measurements of volume change is shown 
in figure 1. 

4. Miscellaneous tests included absorption and bulk 
specific gravity tests on 2- by 4-inch cylinders of 1:: 
mortar, sodium sulphate soundness tests on 1- by | 
by 6-inch bars, using a mix of 1:5 by weight of Ottaw: 
sand, and autoclave tests on 1- by 1- by 10-inch nea 
cement bars. 


USE OF BLENDED CEMENTS DECREASED STRENGTH OF MORTAR 


The results obtained in the strength tests of morta: 
are given in tables 4 to 7, inclusive, and are shown grap! 
In the figures, t! 


ically in figures 2 to 5 inclusive. 
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values have been plotted so as to show on the left the 
average results for the two sands with each cement and 
on the right the average results for the two cements 
with each sand. 

Table 4 and figure 2 give the results of crushing tests 
on specimens continuously water cured. When the 
results are averaged as in the figure it will be seen that, 
for each combination of materials, the straight port- 
land cement mixes developed the greatest strengths 
TABLE 4.—-Crushing strengths of 2-inch mortar cubes, mix 1:2 

by weight, water cured 
CEMENT A—SAND A 


Percentage 
of portland 
cement 7A 92 dav 0a 
7d 28 day 9) days 
replaced by ays © days ? 
natural 
cement 


180 days 360 day 


Lb. per| Per- | Lb. per) Per- 
sq. tn.'| cent? | sq. in.'| cent? 


Lb. per, Per- |Lb. per| Per- | Lb. per| Per 


sq.in.'| cent? | sq. in."| cent? | sq. in.’ | cent? 


6, 180 100 | 8, 570 100 | 9, 625 100 | 9,910 100 | 9,990 00 
{ 5,805 | 94 | 7,360 86 | 8,580 | &9 | 9,005 91 | 9,320 | 9 
2s 4,620 | 6, 105 71 | 7,255 | 75 | 7,595 77 | 8,290 83 
' } 
CEMENT A—SAND B 
0 : 5 000 100 6, 975 100 8, 280 1(4 9, 125 100 9, 645 ] 
14. : 5, O1 100 | 6,555 94 | 7,740 94 | 8,270 | 91 | 9, 245 if 
28 4, 431 89 | 5,845 84 | 7,190 | S7 | 7,880 86 | 8, 660 
CEMENT B—SAND A 
6, 400 100 8, 375 100 9, R25 100 6 100 ), 35 
l4 5, O80 si 6,710 SU 8, 165 &3 §, 695 10 | 8, 620 y 
28 4,130 fs , 420 | 65 | 6,920 7( 7,178 74 | 7,490 SO 
CEMENT B—SAND B 
5,015 100 6,815 100 7, 840 100 & A271 100 R. ORI x) 
i 4,745 | 95 6,140 90 7, 345 G4 70 4D 90 8, AOL ) 
S 3, 930 78 | 5, 215 77 | 6,645 S 7, 120 83 | 7,735 Sf 
Fach value is the average of 15 tests. 


ures indicate percentage of the strength of 100 percent portland cement mixes 


ABLE 5.- -Crushing strengths of 2-inch mortar cubes, mix 1:2 by 


weight, air cured after ?-day initial walter cure 


CEMENT A-—SAND A 


Percentage of 
portland ce- 





ent replaced 28 days 90 days 180 days 360 days 
by natural 
cement 
Lb. per | Lb. per Lb. per Lb. per 
sq.in.! | Percent?) sq.in.) | Percent?) sq.in.' | Percent?) sq.in.) | Percent? 
8, 825 100 | 8, 870 100 | 8,715 100 | 9,085 100 
pitas 8, 155 | 92 8, 550 96 8, 535 98 8, 865 98 
6,895 | 78 | 7,335 | 83 | 7,540 87 | 7,870 87 
| | 

CEMENT A—SAND B 
7, 205 100 7, 555 100 7, 870 100 7, 105 100 
7,170 100 7,470 99 7, 780 99 6, 885 97 
6, 540 vl 7, 100 v4 7, 210 92 | 6,295 89 

CEMENT B—SAND A 
8, 755 100 8,975 100 9, 040 100 8, 765 100 
7, 530 86 | 7,980 89 | 8, 255 91 | 8,175 93 
6, 290 72 | 6,705 75 | 7,065 78 | 6,920 79 

CEMENT B—SAND B 
7,040 100 7, 425 100 7, 670 100 7, 195 100 
a etieieds 6, 700 95 6, 895 93 7, 465 97 5, 525 91 
OD ...-cneonee 5, 495 78 | 5,505 74 | 5,825 76 | 6,040 | 84 





ich value is the average of 15 tests. 
gures indicate percentage of the strength of 100 percent portland cement mixes. 
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BF NAT 


NATURAL 
MortTAR 


PORTLAND AND 
STRENGTH OF 2-INCH 


FIGURE 2 EFFECT OF BLENDING 
CEMENT ON THE CRUSHING 
CuBES CURED IN WATER, 


AND NATURAL 
or 2-INcH MorrTar 


PORTLAND 
STRENGTH 


FIGURE 3.—EFFECcT OF BLENDING 
CEMENT ON THE CRUSHING 
CuBES CURED IN AIR, 


at all ages. With the exception of the 180- and 360- 
day values for the straight portland cement mortar in 
which sand A was used with cements A and B, all mor- 
tars exhibited gain in strength from the 7- up to the 
360-day periods, 

In the left hand portion of figure 2 it may be seen 
that mortars containing cement A had slightly greater 
strengths than those containing cement B. The right 
hand portion of this figure shows the effect of using 
different sands. In the unblended mix, as well as in 
the mortar containing 14 percent of natural cement, 
specimens containing sand A showed greater strengths 
at all ages. However, in the mixes containing 28 
percent of natural cement, the strengths were about the 
same. In other words, replacing portland cement with 


natural cement seemed to affect the strength of mortars 
made with sand A much more than those made with 
sand B. 

The values obtained on air-cured, 2-inch cubes (after 
7 days of initial water storage) are given in table 5 and 
The average values given in the figures 


in figure 3. 
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FigurRE 4.—Errect oF BLENDING PORTLAND AND NATURAL 
CEMENT ON FLEXURAL STRENGTH OF 18-INcH MorTAR 
BEAMS CURED IN WATER. 
MENT A \ 
“4 \ 
z x Y 
a a 
a 
a = 
«oO 
ws ‘ 
a 
N « x 
Figure 5.—ErFrect oF BLENDING PORTLAND AND NATURAI 
CEMENT ON FLEXURAL STRENGTH OF 18-INCH MorTAR 


BEAMS CURED IN AIR. 


show, in all cases, higher strengths for the mixes con- 
taining straight portland cement. Comparing figures 2 
and 3 it will be noted that the specimens moist-cured 
7 days and air-dried for 21 days were in general higher 
~ strength than those cured continuously in water for 

8 days. Further air storage, however, resulted in 
aie slight gain in strength at 90 days, with little or no 
gain thereafter. 


Figure 3 shows the effect of the cement and sand 
upon the crushing strength of the air-dried specimens. 
Specimens containing cement A exhibited slightly 
greater strengths in the blends, with the unb lended 
mortars having about the same strength at all ages. 
Specimens containing sand A showed d jefinitely highe r 
strengths throughout. The most interesting point in 
connection with this figure is the decrease in strength 
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PARLE 6 Flexural strengths of 18-inch mortar beams, mix 1:2 by 
weight, water cured 
CEMENT A—SAND A 
Percentage 
of portland 
cement 74 ro 7 
dav ¢ S avs 10 davs 
replied by la 23 da 90 days 180 days 360 day 
natural 
cement 
Lb. p I Lt Pe Lb. per| Per- | Lb. per| Per- Lb. per| Pe 
sq.in.'| cent sq. in r sqg.in.' | cent 2) sq. in.! | cent ?| sq.in.' | cent 
0 850 100 9 LOK 970 100 1,010 100 1, O3t 100 
14_. 770 i] Oo 91 940 97 945 W4 995 ’ 
28 660 8 780 8 795 82 825 82 8S 8 
CEMENT A—SAND B 
0. r 100 «1,045 it) 10K 
14 ll " ou) 95 O85 Q4 1 
28 yO - R35 87 915 SS S 
CEMENT I SAND A 
6... 7% “ et 100 OK 
14 Ho R45 ) I G4 Rf af . 
2 654 &2 4 S f 86 To S s 
CEMENT | SAND B 
0 7M SO ~ 14 93K 1, OK ( 
14 ) su we Yu RU " tal » 
28 625 ss j x4 wal 2 | SA vl ; 
1 Each value e average 
2 Figure licate percentage of the strength of 100 perce I land ceme 
TABI } 7 / ler tral sfrena solds nch mortar bear SJ 
eight, a cured 
CEMI r A AND A 
Pe I 
I ir 
1en t sS st 4 
by na 
( 
Lb pe I Lb. p 
sg. in P h xq. in Pe / 
0 7 W 00 1, 14¢ r s 
{ BRI 4 93 07 Mf 
ON " ‘] RO) 
CEM 1\—SAND B 
\ ‘ Ti On (x } 
14 Sf ys } 3 ee ) s 
28 9g Q hy | 4 x 
CEMENT B—SAND A 
( ) ‘ W 1 os “ Li 
14 TO S/( 93 1,01 ) 7 s 
oR 71 () 7s RS, 78 RN . 
CEMENT B—SAND B 
( 900 (x 7( 100 015 1 QT 
14 SOO s OF 100 840 i S(K 
28 810 n 810 83 705 77 
Each value is the average of 
? Figures indicate percentage of the strength of the 100 percent portland 
nixes 


caused by the replacement of 28 percent of the portlan: 
cement with natural cement. The strengths obtain 
with this combination ran about 1,000 to 2,000 poun 
per square inch lower than those of the straight po! 
land cement mixes for the different cements and sand 

The effect of blending portland and natural ceme! 
upon the flexural strength of water-cured mortar bean 
is shown in table 6 and in figure 4. It will be not 


that when the results are averaged as in figure 4, 
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FigtreE 6.—ErFrecr or BLENDING PORTLAND AND NATURAI 
CEMENT ON VOLUME CHANGE OF 18-INCH MortTAR BEAMS 


each combination of materials, the straight portland 
cement mixes, with a single exception, produced the 
greatest strengths at all ages. As in the water-cured 
compression specimens, the gain in strength with age 
was fairly uniform. However, the reduction in strength 
caused by blending was not proportional to the amount 
of natural cement used, the 28-percent replacement 
causing a proportionately greater reduction than the 
14-percent replacement. Cement A in general pro- 
duced greater strengths for all combinations of materials 
than did cement B. 

The results of flexure tests on air-cured beams are 
given in table 7 and in figure 5. It will be observed 
that here also for each combination of materials, with a 
single exception, the straight portland cement mixes 
produced the greatest strengths at all ages. With few 
exceptions the highest strengths were obtained at 90 
days, all mixes showing retrogression after that period 
In every case the strengths at 90 days were higher than 
those of the corresponding water-cured specimens. 

The effect of blending portland and natural cement 
upon volume change of 18-inch mortar beams in con- 
tinuous water storage is shown graphically in the upper 
portion of figures 6 and 7. The changes are shown in 
0.0001 inch per inch at the ages indicated on the abscis- 
sas. It will be noted from the figures that blends con- 
taining 28 percent of natural cement had the greatest 
expansion at 180 days, and that the straight portland 
cement mixes for all combinations exhibited the least 
expansion. It is of interest to note (fig. 6) that speci- 
mens containing cement B had slightly greater ex- 
pansions for both blended and unblended mixtures than 
those containing cement A. However, as will be seen 
from figure 7, changing the sand had very little effect 
upon volume change. 


MORTAR BEAMS.SUBJECTED TO ACCELERATED WEATHERING 
TESTS 


Volume changes resulting from continuous air storage 
re shown in the lower portions of figures 6 and7. The 
reatment of these beams consisted of storage for 24 
ours in the moist closet, at the end of which time an 
‘itial reading was taken, followed by continued storage 
| laboratory air. During the period from 90 to 120 

iys the beams were placed in a cabinet in which the air 
-as dried with calcium chloride to decrease further the 

‘amount of moisture in the specimens. As expected, all 


PUBLIC ROADS 





157 





FIGURE 7 EFFECT Of 
CEMENT ON VOLUME 


BLENDING PORTLAND AND NATURAL 
CHANGE OF 18-INcH Mortar BEAMs. 


beams showed slightly increased shrinkage during this 
period. 

Beams containing sands A and B and cement A had 
approximately the same amount of shrinkage as those 
containing cement B (fig. 6). However, specimens 
containing cements A and B and sand B had shrinkages 
at 120 days about 50 percent greater than those con- 
taming sand A (fig. 7 The figures show that although 
the initial shrinkage was somewhat greater in specimens 
containing the blended cements, the total shrinkage at 
the end of 120 days of continuous air storage was about 
the same. 

The mortar beams from the continuous water storage 
series were measured for length at the end of 180 days, 
and then subjected to 15 rounds of the following ac- 
celerated weathering treatment. Each round required 
13 days for completion and consisted of 6 cycles of 
freezing and thawing, each 24 hours in duration, fol- 
lowed by drying for 4 days in an electric oven at 120° F., 
and resaturation for 3 days in water at 70° F. Read- 
ings were taken on each beam at the end of the resatu- 
ration period and were discontinued at the end of the 
fifteenth round, at which time surface disintegration 
of the specimens had progressed to a point which 
affected the accuracy of the readings because of loosen- 
ing of the gage points. Unit length changes at the end 
of the first, third, sixth, ninth, twelfth, and fifteenth 
rounds are shown in figures 8 and 9. Here the data 
have been averaged in the same manner as in the pre- 
vious figures so as to bring out the effect of variations 
in the cement and sand. 

Several points in connection with these figures are 
of interest. In the first place, all specimens showed an. 
initial contraction followed by expansion up to the 
fifteenth round. The amount of initial contraction 
seemed to have been affected greatly by the combina- 
tion of materials used, being greatest for the combina- 
tions involving cement A with the two sands (fig. 8) 
and sand B with the two cements (fig. 9). The com- 
binations involving sand A with cements A and B 
showed very little initial contraction. This effect may 
have resulted from the drying cycle which was intro- 
duced. Drying at 120° F. for 4 days undoubtedly 


induced high shrinkage in the cement paste, subjecting 
the particles of aggregate to high compressive stress. 
It is possible that the difference in the ability of the 
sands to resist this stress without permanent deforma- 
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tion may have accounted for the residual shrinkage 
neon te the specimens containing sand B, which was 
composed of comparatively low-strength material. 

The quartz particles composing sand A may have 
possessed sufficient strength to resist the shrinkage 
stresses without permanent deformation, so that the 
specimens when resaturated returned practically to 
their original length. 
action may account also for the relatively small expan- 
sions which were observed for specimens containing 
sand B as compared to the expansions shown by 
specimens containing sand A. 

It will be observed also that, without exception, 
specimens containing the blended cement showed lower 
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expansions than the corresponding specimens contain- | 


ing only portland cement. It is usually assumed, inso- 


far as expansion is concerned, that repeated freezing 


and thawing produces a gradually expanding paste, re- 
sulting in the eventual disintegration of the specimen. 


| stored in water at 70° F. 


On this basis, the use of the blended cements may be | ® L10 
| first determining the saturated-surface dry weights of 


considered beneficial. However, visual examination of 
the specimens as the test proceeded failed to reveal any 
consistent difference in appearance at any stage between 


the specimens containing the blended cements and those | 
So far as | 


containing the straight portland cement. 
could be determined by visual inspection of the surface, 
all of the specimens failed at about the same rate. All 
were badly exfoliated or surface pitted by the end of 
the fifteenth round and apparently possessed little 
strength. 


BLENDING INCREASED RESISTANCE OF MORTARS TO SULPHATE 
ACTION 


The effect of replacements with natural cement on 
the tensile strength of 1:3 Ottawa sand briquets is 
shown in table 8. It is of interest to note that, for 
both cements at 28 days, the specimens containing 
14 percent of natural cement had very nearly the same 
strengths as the straight portland cement mortars. 
The strengths at 28 days of specimens containing 28 
percent of natural cement were yaar sa 90 per- 
cent of the strengths of the straight portland cement 
mortars. 
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TABLE 8.— Tensile strengths of briquets, mix 1:3 
Ottawa sand 


, standard 





Percentage of Cement A Cement B 
portland ce- 
ment replaced — 
by natural - 
‘cement 7 days 28 days 7 days 28 days 
Lb. per| Per- | Lb.per; Per- | Lb.per| Per- | Lb. per| Per- 
sq. in.) cent 2 | 87. in.) | cent 2 | sg. in.) | cent 2? | sq. in..| cent? 
0 Solis 390 100 455 100 390 100 450 100 
Ee 370 95 450 99 360 92 440 os 
28 345 &8 405 89 330 85 405 90 
1 Each value is the average of 15 tests 
2 Figures indicate perce ntage of the strength of 100 percent portland cement mixes 


The effect of blending the cements upon the bulk 
specific gravity and absorption of mortar specimens is 
shown in table 9. Cylinders 2 inches by 4 inches in 
size of 1:2 mortar, after 24 hours in moist air, were 
and the bulk specific gravity 
and absorption determined after 7 and 28 days by 
the specimens in air and in water and then drying to 
constant weight. It will be observed that blending 
with natural cement lowered the bulk specific gravity 
and increased the absorption in all cases. The de- 
crease in density which is indicated by these tests 
may have been the result of a slight increase in the 
air voids brought about by the use of natural cement. 
Other tests have indicated that air voids in concrete 
are increased somewhat by using biends. 

Bars 1 by 1 by 6 inches long, using a 1:5 standard 
Ottawa sand mortar, and with 0, 14, and 28 percent of 
the portland cement replaced with moheoal, cement, 
were fabricated and stored for 6 days in water at 70° F 
At the end of this period the bars were measured for 
length and then immersed in a 10-percent solution o! 
sodium sulphate. After 21 days of continuous storag: 
in this solution at 70° F., they were again measure: 
for length. The amount of expansion was read ti 
0.001 inch. The results are shown in figure 10 (lef 
panel). Each value is the average of three tests. | 


will be noted that specimens containing cement 
showed greater expansion in all cases than those con 
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TABLE 9.— Bulk specific gravity and absorption of 2 by 4-inch 
mortar cylinders, mix 1:2 by weight, water cured 


CEMENT A-—SAND A 


Percentage of 
portland ce- 
nent replaced 
by natural 


Bulk specific gravity ! Percentage absorption ! 


cerrent 7 days 28 days 7 days 28 days 
Per- Per- Per- Per- 
cent ? cent 2 cent ? | cent? 
O36 2.10 100 2 33 100 9. 52 100 | 9. 23 100 
14_- 2.07 9 | 2.09 99 | 9.89 104] 10.01 108 
28 2. 03 97 2.04 96 10. 32 108 | 10.59 115 
CEMENT A—SAND B 
0 2.09 100 2.10 100 10. 49 100 10. 32 100 
14 2. 07 99 2.08 se) 10. 84 103 10. 73 104 
28 2.04 98 2.05 Ys 11.34 108 11.19 108 
CEMENT B—SAND A 
0 2.07 100 2. 11 100 10. 03 100 9. 98 10 
14 2.05 Qa 2.06 US 10. 66 106 10. 62 106 
28 2. 02 OS 2. 02 96 11. 27 112 11. 4( 114 
CEMENT B—SAND B 
0 2.09 100 2.07 100 | 10.95 100 10. 76 l 
14 ‘ 2. 04 We 2. 06 | 100 11. 34 104 11. 11 103 
2 aa 2.01 96 2. 04 99 11.73 | 107 11. 57 108 


! Each value is the average of 3 tests. 
? Figures indicate percentage of the corresponding values for 100 percent portland 
cement mixes, 


taining cement A, and also that blending with natural 
cement reduced the amount of expansion in both cases. 
These tests seem to indicate that blending with natural 
cement increases resistance to the.action of sodium 
sulphate solutions. 

The expansions of neat cement bars exposed for 3 
hours at 420° F. in the autoclave are shown in the right 
panel of figure 10. In both cases, the replacement of 
14 and 28 percent of portland cement by natural 
cement resulted in increased expansion. It will be 
noted, however, that cement B, unblended, showed 
considerably greater expansion than cement A with a 
28 percent replacement of natural cement. The 
relatively high expansions shown by cement B may 
possibly be associated with the higher magnesia and 
greater C,;A content of this cement. (See table 1.) 

The same two portland cements and the same natural 
cement that were used in the mortar tests were com- 
bined with a local fine and coarse aggregate in fabri- 
cating the concrete specimens. The characteristics of 
the aggregates are shown in table 2. Sand C was 
used in the concrete tests. The coarse aggregate was 
uniformly graded from No. 4 to 14-inch. Two blends 
were used, one with 14 percent and the other with 28 
percent of natural cement as in the mortar tests. 

A typical concrete paving mix containing 6 sacks of 
cement per cubic yard with sufficient water for a 24-inch 
slump was used. This resulted in a net water-cement 
ratio by volume of approximately 0.75. 

Although the tests made on the mortars showed that 
the consistency of the mix was affected somewhat by 
the substitution of natural cement for portland cement, 
the slump of the concrete containing the blends was 
the same as that obtained with the straight portland 
cement. However, in manipulating the concrete it 


vas found that the blended cement mixtures had a 
tickiness which was not apparent in mixtures con- 
aiming the straight portland cement. 
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Figure 10.—ErFrect oF BLENDING PORTLAND AND NATURAL 
CEMENT UPON VOLUME CHANGE IN SULPHATE SOLUTION 


AND IN THE AUTOCLAVE. 


USE OF BLENDED CEMENTS SLIGHTLY DECREASED STRENGTH OF 
CONCRETE 


Flexure tests were made on beams 6 by 6 by 21 inches 
mn size, loaded at the third points of an 18-inch span. 
Compression tests as well as measurements for modulus 
of elasticity, using a Martens extensometer, were made 
on 6-inch by 12-inch cylinders. Five specimens were 
made for each test condition and tests were made at 
7, 28, 90, 180, and 360 days. All specimens were 
stored continuously in moist air at 70° F. until tested. 

The results of the tests for strength and modulus of 
elasticity on laboratory fabricated concrete specimens 
are shown in table 10 and are shown graphically in 

| figure 11. 
Referring to the data for cement A (table 10 and 
| left panel of fig. 11), it will be observed that there was 
a gradual increase in crushing strength with age for 
specimens containing the unblended as well as the 
blended cement. Blending with natural cement de- 
creased the average strength at all ages about 1 percent 
| in the specimens contaiming 14 percent of natural 
cement and about 8 percent in the specimens contain- 
ing 28 percent of natural cement. Similar data for 
cement B are shown in the next panel to the right. In 
the specimens containing straight portland cement it 
will be observed that the same order of strengths was 
obtained as with cement A. However, in specimens 
with the blended cements as compared to the specimens 
with straight portland cement, the reduction in strength 
was more marked, the corresponding figures being 7 
percent for the 14 percent blend and 17 percent for the 
28 percent blend. 

It is interesting to observe that specimens containing 

the 14 percent blend for both cements A and B exhibited 
_ higher strengths at 360 days than the corresponding 
straight portland cement specimens. This was due to 
the fact that the straight portland cement concretes 
showed no increase in strength beyond the 180-day 
period for cement A, while for cement B no increase was 
observed after the 90-day period. On the other hand, 
the concrete containing the blended cements showed a 
| fairly uniform increase in strength up to 360 days. 

Flexural strengths of the concrete specimens are 
shown also in table 10 and are plotted in the two center 

| panels of figure 11. For each cement the specimens 
containing the 14 percent blend had strengths com- 
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TaBLe 10.—Effect of blending portland and natural cements on 
crushing and flexural strengths and modulus of elasticity 


CRUSHING STRENGTH 


CEMENT A 
Percentage Test results at age indicated ! 
of portland 
cement re- 
placed by 





natural 7 days 28 days 90 days 180 days 360 days 
cement 
Lb. per, Per- Lb. per| Per- Lb. per| Per- | Lb. per| Per- | Lb. per| Per- 
sq. in. | cent?, sg. in. cent?) sq. in. | cent ?| sq. in.| cent ?)| eq. in. | cent? 
a 3, 730 100 5, 510 100 =~6, 190 100 | 6,650 100 | 6, 660 100 
14 3, 860 103 | 5, 270 96 6,010 97 | 6,470 97 | 6,830 103 
28. 3, 430 g2 4, 750 S605, 870 95 | 6,080 Qo] 6, 480 97 
MODULUS OF RUPTURE—CEMENT A 
> 600 100 683 100 777 100 R58 100 831 100 
M4 612 102 697 102 77 100 845 Qs 857 103 
28 542 90 631 92 742 95 S01 93 853 103 
MODULUS OF ELASTICITY—CEMENT A 
1,000 1,000 1,000 1,000 1,000 
lb. per lb. per lb. per h. per h. per 
8q in. sq. in sg. in gq. in sq. in 
5, 272 100 | 6,047 100-6, 490 100 | 6, 785 100 | 7.102 100 
A 5,170 O8 | 5,947 O8 6.670 103 | 6, 735 99 | 7,432 105 
2 », 312 101 5. 557 92 6, 268 97 | 6, 285 93 6, 628 93 
CRUSHING STRENGTH—CEMENT B 
- | } | 
Lb. per Lb. per Lb. per Lb. per Lb. per 
sq. in. sq. in sq. in sq. in sq. in. | 
Sate 3, 990 100 } 5, 640 100 | 6,450 100 | 6,310 100 | 6,480 100 
14 3, 700 93 | 5,000 89 | 5,760 89 «5A, 960 94 | 6, 530 101 
s... 3, 190 80 | 4,330 77 | 5, 250 81 | 5,670 90 | 5,730 8S 
MODULUS OF RUPTURE—CEMENT B 
aandee 620 100 677 100 781 100 783 100 821 100 
. 577 93 698 103 753 96 820 105 859 105 
Wien . 542 87 580 86 716 92 801 102 788 96 
MODULUS OF ELASTICITY—CEMENT B 
1,000 1,000 1,000 1,000 1,000 
lb. per lb. per lb. per lb. per lb. per 
8q. in. sq. in | sq. in. | sq. in | sq. in 
_ 5, 225 100 | 6, 083 100 | 6, 420 100 | 6,638 100 | 6,970 100 
Se .| 5,065 97 | 5,810 96 | 6,178 | 96 | 6,465 97 | 7,070 101 
a 5, 030 96 «5,623 92 | 6,018 94 | 6,330 95 | 6, 408 92 








1 Each value for crushing strength and modulus of rupture is the average of 5 tests. 
Each value for modulus of elasticity is the average of 4 tests 
2 Figures indicate percentage of the strength of 100 percent portland cement mixes. 


parable to those obtained with the straight portland 
cement specimens. Specimens with the 28 percent 
blend had strengths that averaged about 95 percent of 
those of the straight portland cement specimens. It is 
to be observed also that for both portland cements the 
blended cement concrete showed higher strength ratios 
in flexure than in compression. 

Results of tests for modulus of elasticity are shown in 
the two right panels of figure 11. These results are also 
included in table 10. Here again the addition of the 
natural cement is reflected in the somewhat lower 
values obtained with specimens containing the blended 
cements. 

In general, it may be said that the values obtained in 
flexure and modulus of elasticity for the specimens con- 
taining the 28 percent blend were about 95 percent of 
those obtained for the specimens containing the straight 
portland cements. The strength ratios of specimens in 
compression were not the same for both cements, speci- 
mens containing cement B giving an average ratio of 
83 percent, which was about 10 percent lower than that 
obtained for specimens containing cement A. Com- 
paring the results of tests on concrete specimens with 
the corresponding results of tests on mortar specimens, 
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it will be observed that replacement with the natural 
cement had a much greater effect on mortar strength 
than on concrete strength. This would, of course, be 
expected because of the higher cement content in the 
mortar specimens. 


FREEZING AND THAWING TESTS MADE ON PAVEMENT CORES 


The results of freezing and thawing tests on cores 
taken from four experimental projects in New York 
State are given in this portion of the report. On each 
of these projects specimens of straight portland cement 
concrete and blended cement concrete were taken from 
sections containing cement conforming to each of the 
four classifications as to compound composition given 
in table 11. 

Natural cement of the brand used in the laboratory 
tests already described was used on two of the projects. 
The other two contained natural cement from another 
mill in New York State. A 6:1 blend was used on two 
of the projects, a 5:2 blend on the other two. 


TABLE 11 Classification of four cements as to compound com- 
nosition 
Speciticat lesignatic rrica minate C3A rricalcium silicate C 
percent (percent 

935 Not over 9 Not over 35. 

950... Not over 9 Between 48 and 52 

1439 _ . : Not less than 14 Not over 39 

1450 Not less than 14 Between 48 and 52 


This portion of the work was done for the purpose of 
testing specimens of concrete which had been subjected 
to the usual field manipulation during placing in orde r 
to study the effects of the “bleeding” or ‘‘water-gain’’ 
which frequently occurs during the finishing operation. 
This action results in the accumulation of an excess 
amount of water in the top surface of the pavement, 
leaving a weak, porous layer which is lacking in resist- 
ance to the disintegrating effects of ice and chemical salts. 

In a preliminary series of freezing and thawing tests 
made on full depth cores it was found that disintegra- 
tion was confined almost entirely to the top 2 inches of 
the specimen. Because of this, and also to facilitate 
performance of the test, it was decided to study the 
effect of the blend by testing the upper portion of the 
concrete only. Disks 2 inches thick were sawed from 
the tops of the cores. One set of these disks was alter- 
nately frozen and thawed in a 10 percent solution of 
calcium chloride, the other set in plain water. In 
addition, a few tests were made to determine the 
resistance of similar disks sawed from the lower surface 
of the cores. 

It was found desirable in this work to use a minimum 
amount of the chloride solution and to freeze rapidly in 
order to keep the solution from separating into layers 
of different density. This was accomplished by using 
close-fitting containers and immersing these containers 
in the brine solution of the refrigerator. The minimum 
temperature obtained was approximately —10° F., one 
complete cycle of freezing and thawing being performed 

each day. The time required to lower the tempera- 
praca of the specimen to this minimum was approxi- 
mately 10 hours. The calcium chloride solution was 
changed after 10 cycles of freezing and thawing. These 


time-temperature relations applied to freezing both in 
chloride and in water. 

Periodic examinations were made of the specimens, 
this examination consisting of weight loss determina- 
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tions and visual inspections. It was found that the | given job, behaved about alike insofar as resistance to 


weight losses of the 2 


-inch disks were meaningless. For 
Instance, a 


specimen which had not lost more than 2 
percent in weight would become unsound and disinte- 
grate. While some sealing of the surface developed, 
unsoundness in general was caused by failure of the 
bond between the cement and aggregate, resulting in 
the eventual disintegration of the entire specimen. 

For each project and for each type of freezing there 
were two groups of 8 specimens each. In one group 
there were 4 pairs of specimens containing straight 
portland cement and 4 pairs containing the same port- 
land cements ble = with natural cement in the pro 
portion of either 6:1 or 5:2. The 4 pairs of spec imens 
in each group Beceem concrete containing the 4 
classes of portland cement mentioned above. 

In order to evaluate the resistance to freezing and 
thawing, the individual specimens were examined 
various intervals and rated in accordance with thei 
appearance and ring when struck with a hammer. A 
specimen which was entirely sound was given a rating 
of 12%. An unsound specimen was r: ated at 2%, while 
& specimen which appeared to be between these two 
conditions was er gga 2 as questionable and was 
given a rating of Any specimen which had dis- 
integrated was given a rating of zero. If all of the 
specimens of a particular group were sound the rating 
would be 100. On the other hand, if all of the speci- 
mens were disintegrated, the rating would be zero. 
By this method of rating, the results obtained with the 
our cements used on each project were averaged for 


a 


omparison with the results obtained with the same 
ortland cements blended with natural cement. ‘This 


rocedure was decided upon after a study of the indi- 
idual results had failed to reveal any consistent rela- 
ion between the composition of the portland cement 
nd its resistance to freezing and thawing either when 
sed straight or when blended. With a few exceptions, 
merete made from portland cements conforming to the 
irious composition classifications, when used 


on a 


96260—38 2 


freezing and thawing was concerned. 


BLENDED SPECIMENS MOST RESISTANT TO FREEZING IN CALCIUM 
CHLORIDE SOLUTION AND WATER 


The ratings of the several groups of specimens after 35 
alternations in a 10-percent solution of calcium chloride 
as well as the corresponding ratings when frozen in 
water for various pe sriods up to 150 alternations, are 
given in table 12. The appearance of each individual 





specimen at the end of 35 alternations in calcium 

TABLE 12.—-Resistance of core specimens to freezina and thawing 
PROJECT A 

it number of freezing and thawing cycles indicated 
B 

vele devel 75eveles LOO cyeles| 150 cycles 

1 water in water water | in water | in water 

‘) 0 0 ‘) 

(j ( om 40 0) 
PROJECT B 

a) 0 30 25 25 2 

4 100 100 100 100 100 
PROJECT ¢ 

7 if? i( a) 5 0 0 0 

lH , 25 10 ‘0 0 0 
PROJECT D 

— on ———— 

7~O ( 5 0} 0 | 0 

2H 55 30 30 25 

Figures indicate the number of sacks of portland and natural cement in a 7-sack 
batch; letters refer to the brand of natural sanaed. 


4 Rating of 100 indicates all 8 specin 
disintegrated. 

3 At 65 alternations 

4 At 60 alternatior 


1ens 


sound; rating 


of 0 indicates all 8 specimens 














STRAIGHT PORTLI AND CEMENT CONCRETE 
CLASSIFICATION 935 CLASSIFICATION 950 





STRAIGHT PORTLAND CEMENT CONCRETE 
CLASSIFICATION 1439 CLASSIFICATION 1450 


Figure 12.—Projsect A. APPEARANCE OF BLENDED AND 
STRAIGHT PoRTLAND CEMENT CONCRETE SPECIMENS AFTER 
35 ALTERNATIONS OF FREEZING AND THAWING IN A 10 PeErR- 


CENT SOLUTION OF CALCIUM CHLORIDE 


5-2 BLENDED CONCRETE 
STRAIGHT PORTLAND CEMENT CONGRETE 
CLASSIFICATION 935 CLASSIFICATION 950 













ENDED CONCRETE 


5-2 BL 


STRAIGHT PORTLAND CEMENT CONCRETE 


CLASSIFICATION 1439 CLASSIFICATION 1450 


Figure 13.—Prosect B. APPEARANCE OF BLENDED AND 
STRAIGHT PoRTLAND CEMENT CONCRETE SPECIMENS AFTER 35 
ALTERNATIONS OF FREEZING AND THAWING IN A 10 PERCENT 
SOLUTION oF CALCIUM CHLORIDE. 


chloride and at the end of 50 alternations in water is 
shown in figures 12 to 19 inclusive. In each of these 
figures the specimens are arranged as follows: 
specimens shown in the upper left quadrant contain 
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6-| BLENDED CONCRETE 


STRAIGHT > CEMENT CONCRETE 
CLASSIFICATION 935 CLASSIFICATION 950 














PORTLAND CEMENT CONCRETE 
CLASSIFICATION 1439 CLASSIFICATION 1450 


Figure 14.—ProJecr ( APPEARANCE OF BLENDED AND 
STRAIGHT PORTLAND CEMENT CONCRETE SPECIMENS AFTER 35 
ALTERNATIONS OF FREEZING AND THAWING IN A 10 PERCEN1 
SOLUTION OF CALCIUM CHLORIDI 


5-2 BLENDED CONCRETE 


STRAIGHT PORTLAND CEMENT CONCRETE 
CLASSIFICATION 935 CLASSIFICATION 950 


STRAIGHT 











STRAIGHT PORTLAND CEMENT CONCRETE ue 
CLASSIFICATION 1439 CLASSIFICATION 1450 


Fieure 15.—Prosecr TD. AppEARANCE OF BLENDED 
SrrRAicHTt PorTLAND CEMENT CONCRETE SPECIMENS AFTER ©) 
ALTERNATIONS OF FREEZING AND THAWING IN A 10 PERCEN 
SOLUTION OF CALCIUM CHLORIDE. 


AN 
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>-| BLENDED CONCRETE 





RTLAND CEMENT CONCRETE 
STRAIGHT PORTLAND CEMENT CONCRETE CLASSIF! caren 935 CLASSIFICATION 950 
CLASSIFICATION 935 CLASSIFICATION 9350 






ATION 
STRAIGHT PORTLAND CEMENT CONCRETE 


CLASSIFICATION 1439 CLASSIFICATION (450 FiGuRE 18.—Prosrecr ( APPEARANCE OF BLENDED AND 


STRAIGHT PORTLAND CEMENT CONCRETE SPECIMENS AFTER 50 
Figure 16.—Projecr A. APPEARANCE OF BLENDED AND ALTERNATIONS OF FREEZING AND THAWING IN WATER. 


STRAIGHT PORTLAND CEMENT CONCRETE SPECIMENS AFTER 50 
ALTERNATIONS OF FREEZING AND THAWING IN WATER. 


5-2 BLENDED CONCRETE @ BLENDED CONCRETE 


OS sic. Si vc 


STRAIGHT PORTLAND CEMENT CONCRETE A T PORTLAD CEMENT 
CLASSIFICATION 935 CLASSIFICATION 950 CLASSIFICATION 935 CLASSIFICATION 950 


5-2 BLENOED CONCRETE 


@ ' 


STRAIGHT PORTLAND CEMENT CONCRETE. STRAIGHT PORTLAND CEMENT CONCRETE 








CLASSIFICATION 1439 CLASSIFICATION 1450 CLASSIFICATION 1439 CLASSIFICATION 1450 
ficuRE 17.—Projecr B. APPEARANCE OF BLENDED AND FicguRE 19.—Project D APPEARANCE OF BLENDED AND 
STRAIGHT PORTLAND CEMENT CONCRETE SPECIMENS AFTER 50) STRAIGHT PORTLAND CEMENT CONCRETE SPECIMENS AFTER 50 


\LTERNATIONS OF FREEZING AND THAWING IN WATER. ALTERNATIONS OF FREEZING AND THAWING IN WATER. 
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portland cement conforming to New York State speci- 
fication classification 935, the two specimens in the top 
row containing the blended cement and the two speci- 
mens in the second row the straight portland cement. 
Similarly, the four specimens in the upper right quad- 
rant contain cement conforming to the 950 classifica- 
tion, those in the lower left quadrant the 1439 cement, 
and those in the lower right quadrant the 1450 cement. 

Referring to table 12 and to figures 12 to 15, inclusive, 
it will be noted that the use of the blend resulted in a 
marked increase in resistance to freezing in calcium 
chloride in Projects A and B, some improvement in 
Project D and no improvement in Project C. Projects 
A and B contained natural cement G in the blend, 
whereas natural cement H was used in Projects C and D. 

A study of the individual results shows that in 
Project A all eight of the straight portland cement 
specimens disintegrated, while seven of the blended 
cement specimens remained sound. In Project B, six of 
the eight straight portland cement specimens disinte- 
grated, whereas all eight of the blended specimens 
remained sound. In Project C five of the unblended 
specimens disintegrated as compared to six of the speci- 
mens containing the blended cement. In Project D 
all eight of the unblended specimens disintegrated, 
whereas three of the blended specimens disintegrated 
and one was unsound. 

The comparative effect of freezing in calcium chloride 
and in water may be noted by comparing the ratings at 
35 alternations as shown in the second and third 
columns of table 12. It will be observed that in 
Projects A and B the action in water was less severe 
than in calcium chloride. However, in Projects C and 
D the amount of disintegration was about the same for 
freezing in both liquids. The comparatively low 
resistance of Projects C and D to freezing in water 
would indicate that the quality of the concrete was 
inferior to that in Projects A and B. 

Study of the comparative behavior of the various 
specimens when frozen in water for periods beyond 35 
cycles may also be made by referring to table 12. In 
Projects A and B, virtually the same resistance is shown 
for the blended cements when frozen in water up to 150 
cycles as was indicated Pye the specimens were frozen 
in calcium chloride for 35 cycles. However, it will be 
observed that the straight portland cement concrete in 
Project B was considerably more resistant to freezing 
and thawing in water at periods beyond 35 cycles than 
was the concrete in Project A. The concrete in Project 
C appeared to be definitely inferior, all specimens in 
both the straight portland and the blend having disin- 
tegrated at either 60 or 65 cycles. In Project D the 
behavior of the straight portland cement concrete speci- 
mens also indicated comparatively inferior concrete as 
compared to Projects A and B. However, the blended 
specimens from Project D were considerably more 
resistant than those containing straight portland cement 
although, as indicated above, the improvement was not 
as marked as in Projects A and B. 


BLENDING FOUND TO INCREASE DURABILITY BY REDUCING 
BLEEDING 


The comparative resistance of the individual speci- 
mens when frozen in water may be studied by referring 
to figure 20, which shows for each test disk the number 
of cycles at which the various stages of unsoundness 
were observed. Thus, for Project A, cement classifica- | 
tion 1439, the figure shows that of the two unblended 
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cement specimens, one developed questionable sound- 
ness at 50 alternations, became definitely unsound at 
60, and disintegrated at 75. The other specimen was 
questionable at 20 alternations and disintegrated at 25 
The two blended specimens were sound at 150 alterna- 
tions. It will be observed that there is no consistent 
relation between composition of cement and resistance 
to freezing. This has already been commented upon 
and would appear to justify the method of rating the 
groups as a whole as shown in table 12. 

An interesting feature of figure 20 is the close agree- 
ment which was observed in general between the be- 
havior of the two specimens representing a given con- 
crete. In many cases, failure progressed at almost an 
identical rate. The figure also shows the comparatively 
low resistance offered by the blended cement specimens 
from Projects C and D. Whether this was caused by 
the fact that natural cement H was used or by the fact 
that the concrete in these projects appeared, in general, 
to be of poorer quality than the concrete used in Projects 
A and B was not determined definitely. The fact 
remains, however, that the use of natural cement H 
did not improve the concrete in Project C at all and 
that while some improvement was shown for Project 
D, the results were not so positive as those indicated 
for Projects A and B, in both of which natural cement 
G was used. ‘ 

Although there will be no extended discussion of the 
action of the blended cement concrete as compared to 
concrete containing only portland cement, there were 
certain physical differences noted in the concrete at the 
time the specimens were fabricated which will be dis- 
cussed briefly. It has been observed in the field that 





there is less bleeding or water gain in concrete made with 
| the blended cement than there is when portland cement 
is used alone. This observation led to a short labora- 
tory investigation, the purpose of which was to deter- 
mine the amount of water accumulating on the top of 
the fabricated specimens. 

The concrete was proportioned in accordance with 
New York State highway specifications and contained 
approximately 6.3 sacks of cement per cubic yard. A 
slump of 2% inches was used, requiring a water-cement 
ratio of 0.70. 

Test specimens consisted of 6- by 6- by 21-inch beams 
molded in the usual way. After molding, the tops of 
the specimens were e xposed to the laboratory air. Two 
specimens were made using 100 percent portland cement, 
| two using a blend of 86 percent portland cement and 
14 percent natural cement, and two using 72 percent 
portland cement and 28 percent nacural cement. 

At stated intervals after molding, the water which 
had accumulated at the top was carefully removed 
The total water removed at the end of 24; hours is show! 
in table 13, expressed as a percentage of the free wate! 
going into the concrete. This table also gives th 
results of a second test made several days later, showin 
the total water removed at the end of 4 hours. 

From the results shown in the table it is evident the 
the substitution of natural cement for portland ceme! 
was effective in reducing bleeding. As will be note 
the bleeding was reduced as the amount of natu! 
cement was increased, a replacement of 28 perce! 
resulting in a reduction of more than one-half. Assu! 
ing that bleeding leaves the upper layer of concer 
porous and weak as compared to the lower structu! 
it is apparent that the use of materials or methods 
manipulation which will reduce bleeding should pro 
| beneficial. 
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Based on total free water in concrete 


Data have been presented to show how the substitu- 
ion of natural cement for portland cement materially 
nereased the resistance to frost action of the top por- 
ons of the drilled cores. 

In order to determine what effect water travel or 
leeding has on durability, 2-inch disks were cut from 
ie tops and also the bottoms of 9 identical cores and 
ternately frozen and thawed in a 10-percent calcium 

loride solution until failure occurred. It was found 

at the average number of alternations required to 

oduce failure was 20 for the tops of the cores and 35 

the bottoms, a difference of 15 alternations. All of 
{ e specimens were taken from Projects A and B and 
r oresented five different portland cements, none of 
\ ‘ich was blended with natural cement. 


SUMMARY OF RESULTS 


n the summary given below reference to a 1- or 2 
k replacement of portland cement by natural cement 


Qs 
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FiGguRE 20.—EFFECT OF FREEZING AND THAWING CONCRETE CORE SPECIMENS IN WATER. 
TABLE 13.— Water removed from tops of 6 by 6 by 21-inch beam , corresponds to a 14 or 28 percent replacement by 
specimens in bleeding test weight, respectively. The values for strength are the 
. averages of results of tests at all ages at which deter- 
. ’ ater removed IT . : 
Cement blend senaliaiing minations were made. 
_~ A. The results of tests on specimens fabricated in 
abated Natural | pirct test Second test the laboratory indicate that replacing a portion of the 
viecnicncesiealh portland cement with natural cement: 
a oe Baer 1. Reduced the average crushing strength of 1:2 
ereen ereen — A. g 
00 percent 0 7.6 7.4 | mortar specimens 7 percent for the 1-sack replacement 
vt wren 23 3! »9 | and 19 percent for the 2-sack replacement (figs. 2 and 3). 


2. Reduced the average flexural strength of 1:2 
mortar specimens 6 percent for the 1-sack replacement 
and 15 percent for the 2-sack replacement (figs. 4 and 5). 

3. Increased expansion of 1:2 mortar bars under 
continuous water storage up to 180 days (figs. 6 and 7). 

4. Slightly increased contraction of 1:2 mortar 
bars under air storage conditions up to 120 days (figs. 
6 and 7). 

5. Considerably reduced the expansion of 1:2 
mortar bars caused by repeated freezing and thawing, 
followed by heating, cooling and resaturation (figs. 8 
and 9). 

6. Decreased the bulk specific gravity and in- 
creased the water absorption of 1:2 mortar specimens 
(table 9). 

7. Reduced the expansion of 1:5 mortar bars 
when subjected to the action of a 10-percent sulphate 
solution (fig. 10). 

8. Increased the expansion of neat cement bars 


when subjected to the autoclave test at 420° F. for 
3 hours (fig. 10 
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9. Reduced the average crushing strength of 
concrete specimens containing 6 sacks of cement per 
cubic yard of concrete, 4 percent for the 1-sack replace- 
ment and 12 percent for the 2-sack replacement 
(fig. 11). 
10. Increased the average flexural strength of 
concrete specimens containing 6 sacks of cement per 
cubic yard of concrete 1 percent for the 1-sack replace- 
ment and reduced the flexural strength 6 percent for 
the 2-sack replacement (fig. 11). 

11. Decreased the average modulus of elasticity 
of concrete specimens containing 6 sacks of cement per 
cubic yard of concrete 1 percent for the 1-sack replace- 
ment and 5 percent for the 2-sack replacement (fig. 11). 

B. The results of tests on cores taken from con- 
crete pavements indicate that replacing a portion of the 
portland cement with natural cement considerably 
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increased the resistance of the surface of the concrete to 
freezing and thawing in water and in a 10-percent 
solution of calcium chloride (table 12 and fig. 20). 

In the tests covered by the above statement greater 
improvement in resistance was obtained by the use of 
natural cement G than by the use of natural cement H. 


CONCLUSIONS 


These tests indicate that, although the crushing and 
flexural strength of pavement concrete may be slightly 
reduced by the replacement of 14 or 28 percent of the 
portland cement with natural cement G, the resistance 
of the pavement surface to alternate freezing and thaw- 
ing will be materially increased. No laboratory tests 
were made using natural cement H and tests of field 
specimens indicate that natural cement H did not 
improve the resistance of the concrete to the same 
extent as natural cement G. 


HIGHWAY RESEARCH BOARD TO MEET SOON 


The Eighteenth Annual Meeting of the Highway Research Board of the National Research 
Council will be held in Washington, D. C., Monday, November 28, to Friday, December 2, 
1938. Reports on highway research investigations will be presented, and the formal meetings 
of the Board will be interspersed with open meetings for informal discussion of pertinent topics. 
A program of reports is to be announced by the Board in the near future. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased trom 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. 
Department and as the Department does not sell publications, 


As his office is not connected with the 


please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, !934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 


10 cents. 


HOUSE DOCUMENT NO. 462 


Part |. . . Nonuniformity of State Motor-Vehicle Trafhc 
Laws. 15 cents. 

Part 2 . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3 _ Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4 Official Inspection of Vehicles. 10 cents. 

Part 5 Case Histories of Fatal Highway Accidents, 
10 cents. 

Part 6 . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 10 cents. 


Roadside Improvement. 





No. 191MP 

No. 272MP 
No. 279MP 

Highway Accidents. 10 cents. 

Che Taxation of Motor Vehicles in 1932. 
suides to Trafhc Safety. 


‘ederal Legislation and Rules and Regulations Relating to 
Highway Construction. 15 cents. 


10 cents. 
Construction of Private Driveways. 10 cents. 
. Bibliography on Highway Lighting. 5 cents. 
35 cents. 


10 cents. 


in Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 


lighway Bond Calculations. 10 cents. 


DEPARTMENT BULLETINS 


No. 1279D Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 15 cents. 
No. |486D Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 
No. 55T Highway Bridge Surveys. 20 cents. 
No. 265T Electrical Equipment on Movable Bridges. 


35 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 


No. 290MP Bibliography on Highway Safety. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 


Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Trafic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act 1.—-Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act II].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.--Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 


Model Traffic Ordinances. 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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